To bound the safety concern, methods are needed to definitively measure and quantitate ferrocyanide concentration present within the actual waste. The target analyte concentration for cyanide in waste is approximately 0.1 to 15 wt % (as cyanide) in the original undiluted sample. After dissolution of the original sample and appropriate dilutions, the concentration range of interest in the analytical solutions can vary between 0.001 to 0.1 wt% (as cyanide).
In FY 1992 FY , 1993 FY , and 1994 , two solution (wet) methods were developed based on Fourier transform infrared (FTIR) spectroscopy and ion chromatography (IC); these methods were chosen for further development activities. The results of these activities are described below:
1. Dissolution Methods for Ferrocyanide Materials. Ferrocyanide flowsheet materials must be dissolved to obtain accurate quantitative analysis of the cyanide species within the waste. The merits of several methods of dissolution are discussed in this report, as well as the logic for choosing a solvent based on ethylenediaminetetraacetic acid (EDTA) and ethylenediamine (en) in water. 2 . Influence of Chemical Additives on Cyanide Species Analysis. Many inorganic and organic chemicals are known or suspected to be present within the ferrocyanide tank waste matrix; these chemicals could interfere with cyanide analysis. To determine the extent of interference, we prepared test solutions containing low concentrations of the analytes of interest [CN-, Fe(CN) :-, and Fe(CN)i-] were prepared with conservatively high concentrations of the potential interfering additive. These solution concentrations were chosen to represent the most difficult for analysis of each analyte. If interference was not observed fix these solutions, then any analyte solution encountered from actual samples containing these components would not be expected to show interference. The aging effect on cyanide species (during approximately a 2-month period) of the solutions containing chemical additives was monitored to assess shelf-life of analyte solutions before analysis.
For free cyanide and ferrocyanide analytes, interference was not observed from the additives tested. Nitrite was the only inorganic additive observed to interfere with the detection of the ferricyanide analyte by the quantitative conversion of the ferricyanide complex to ferrocyanide. Several organic additives also reacted with ferricyanide to produce the ferrocyanide complex. In all cases, the conversion was quantitative, and the total cyanide concentration was accurately determined.
iii We found that for IC there is quantitative measurement of the ferricyanide and ferrocyanide with added organic interfkrents. Quantitative measurements for these cyanide complexes also were found with added inorganic interfkrents, with the exception of nitrate and nitrite ions. This problem is not associated with the ability of the IC system to separate the nitrate or nitrite ions from the ferricyanide and ferrocyanide species, but is due to the co-absorbance of these interfering ions with the cyanide complexes of interest.
. Test Procedure to Determine Cyanide Speciesfrom Ferrocyanide Flowsheet Materials.
A draft procedure is presented for determining major cyanide species [CN-, Fe(CN)z, and Fe(CN)z] expected in samples from the Hanford ferrocyanide waste tanks. We have selected these analytes because they consist of most of the reasonable forms of cyanide possible resulting from the initial addition of ferrocyanide to the 18 waste tanks. The methods are based on FTIR and IC. The overall detection limits for the relevant cyanide-containing species in the original undiluted waste are on the order of 0.1 wtR (as cyanide) for each method.
Methods for Analyzing Flowsheet Materials. Ferrocyanide flowsheet materials including various
In-Farm and U-Plant simulated wastes, as well as sodium nickel ferrocyanide standard materials , were analyzed by different methods. Cyanide analyses were performed by FTIR and IC methods, and by total cyanide analysis (distillation method). The analytical results are presented and compared by method. Excellent agreement was achieved for each method for all simulated waste and standard materials.
. Influence ofpH on Nitrite Reactivity with Fe(CN)z-.
The reactivity of nitrite with ferricyanide to form ferrocyanide under analytical measurement conditions is of interest to this program, because the speciation and quantification of each of the cyanide complexes in solution depends on the relative stability of these complexes during analysis. Earlier in this task we demonstrated that nitrite will reduce ferricyanide to form ferrocyanide quantitatively. The pH dependence of the reaction of ferricyanide with nitrite is of interest because, depending on conditions, this reaction may occur within the radioactive waste tank or during the required laboratory treatment steps prior to analysis. In solutions with pH 12, the conversion of ferricyanide to ferrocyanide was complete and quantitative. At lower pH levels (4 to 10) the conversion of ferricyanide to ferrocyanide was reduced. At these lower pH values, the formation of nitroprusside [Fe(CN) ,NOZ] was observed.
In all cases, a qualitative measurement of the cyanide species in solution was maintained.
6. Location of FllR Analyhcal System into Radiation Zone. FTIR equipment was transferred and installed within a radiologically controlled laboratory. The detector and analytical cell used for the analysis of solution samples was mounted remotely from the main optical bench in order to allow placement of the detector into a radiologically controlled fume hood. This attachment was made through a light guide from the main optical bench into the remote sample compartment. The method detection limit (h4DL) was measured for the system with the sample cell directly attached within the main optical bench (normal setup), and with the remote detector attached. The MDL for the direct attachment was 5.9 ppm (wt% cyanide) and 7. The ATR method showed problems with reproducibility between samples generated from different simulated waste preparations. This lack of reproducibility in the quantitative measurement was determined to be caused by differences in surface characteristics between samples; the ATR method is a surface analytical method and changes in the surface properties of the analyte material cause major changes in the detected signal.
The transmission technique was demonstrated successfully for quantitative measurement of simulant samples. The transmission method uses light that passes through a homogenized sample to measure the quantity of the analyte species within the sample. Because the infrared light penetrates the entire sample, the measurement is a bulk property of the sample. Differences in surface properties of different samples have little or no effect on the transmission measurements.
In To address this need we adapted existing methods for cesium ion removal currently performed on flammable gas tank waste (Campbell et al. 1994) to the ferrocyanide tank waste. This method has been successfully demonstrated for the removal of significant levels of radioactivity from tank samples to allow bench-top handling. This will benefit the program in terms of reduced personnel exposure as well as time savings during actual sample manipulation and measurement. During the 1950s, additional tank storage space was required to support the defense mission.
. Demonstmtion of ITIR
Hanford Site scientists developed two procedures to obtain this additional storage volume within a short time period without constructing additional storage tanks. One procedure involved the use of evaporators to concentrate the waste by removing water. The second procedure involved developing precipitation processes for scavenging radiocesium and other soluble radionuclides from tank waste liquids. The scavenging processes used sodium and potassium ferrocyanide and nickel sulfate to precipitate radioactive cesium from solutions containing nitrates and nitrites. Radioactive strontium and cobalt were scavenged from some of the solutions using calcium or strontium nitrate and sodium sulfide, respectively. After allowing the radioactive precipitates to settle, the decontaminated solutions were pumped to disposal cribs, thereby providing additional tank storage volume. Later, some of the tanks were found to be leaking; pumpable liquids were removed from these tanks, leaving behind a wet solid (sludge) residue containing the ferrocyanide precipitates (Burger et al. 1991) . In implementing this process, approximately 140 metric tons of ferrocyanide, [calculated as Fe(CN);t-], were added to waste that was later routed to 18 large (750,000 to 1,OOO,000 gallon) underground SSTs.
'
The explosive nature of ferrocyanides in the presence of oxidizers has been known for decades, but the conditions under which impure mixtures containing nitrates and nitrites can undergo propagating reactions had not been thoroughly studied. At the Hanford Site, the potential reactivity of mixtures of ferrocyanides, nitrates, and nitrites was first recognized when the radiocesium scavenging process using ferrocyanide was investigated for application to radioactive wastes produced by the next generation processing technology. The investigation found that cesium zinc ferrocyanide and nitrate exploded when heated (Hepworth et al. 1957 ). In the laboratory, mixtures of ferrocyanide and oxidizing materials, such as nitrates and nitrites, have been shown to undergo energetic reactions when heated to high temperatures (above 250°C) or exposed to an electrical spark of sufficient energy to heat the mixture (Cady 1993) . Because the scavenging process precipitated ferrocyanide from solutions containing nitrate and nitrite, an intimate mixture of ferrocyanides and nitrates and/or nitrites is likely to exist in some regions of the ferrocyanide tanks.
Efforts have been underway since the mid-1980s to evaluate the potential for ferrocyanide reactions in Hanford Site SSTs (Burger 1984; Burger and Scheele 1988; Meacham et al. 1995 included an environmental impact analysis of potential explosions involving ferrocyanide-nitrate mixtures. The EIS postulated that an explosion could occur during mechanical retrieval of saltcake or sludge from a ferrocyanide waste tank. The EIS concluded that this worst-case accident could create enough energy to release radioactive material to the atmosphere through ventilation openings, exposing persons offsite to a short-term radiation dose of approximately 200 mrem. A General Accounting Office study peach 1990) postulated a greater worst-case accident, with independently calculated doses of one to two orders of magnitude greater than postulated in the DOE EIS. Uncertainties regarding the safety envelope of the Hanford Site ferrocyanide waste tanks led to the declaration of the ferrocyanide unreviewed safety question (LJSQ) in October 1990.
1.1
Despite the fact that the measured temperatures in these tanks continue to drop and the highest temperature currently recorded is 53.3"C (Hanlon 1995) , there has been speculation as to the possibility of "hot spots" forming in the tanks from radiolytic heating. In order to address these concerns, a number of studies have been conducted by Westinghouse Hanford Company (WHC), Pacific Northwest Laboratory (PNL)," and others in an effort to identify the reactions that occur, and to quantify the magnitude of the energy released during reactions (Burger 1984; Burger and Scheele 1988, 1990; Scheele et al. 1991 Scheele et al. , 1992 Scheele and Cady 1989; Hallen et al. 1991; Epstein et al. 1994; Dickinson et al. 1993 
Influence of Chemical Additives on Cyanide Species Analysis Using Ion Chromatography
Dissolved ferrocyanide waste and simulated waste contain an array of chemical species that may interfere with the analytical solution methods used to quantify cyanide complexes. Tb assess the impact of the suspected interferant species, we have systematically measured cyanide complexes of interest with and without the additives (Bryan et al. 1994) . (Bryan et al. 1994) . The source of the low analyte recovery has been identified and corrected. Bryan et al. (1993) . This example chromatogram shows the potential for using this method to speciate the various complexes of cyanide at low concentrations.
The lowest detection limit is sought in order to allow for dilution of tank waste samples during the dissolution process prior to analysis. The dilution factor for a tank waste sample is dependent in part on the concentration of the cyanide species present, but also on the activity of the radionuclides within the sample. By achieving the best detection limit possible, we are able to demonstrate two important goals: 1) a best lower-bound quantitation limit, and 2) attention to as low as reasonably achievable (ALARA) concerns to minimize personnel exposure. Method detection limits have been described in detail for these methods in an earlier report (Bryan et al. 1994 ).
Influence of Inorganic Additives on Ferrocyanide Fe(CN)t] and Ferricyanide Fe(CN)i-]

Analysis
Ferrocyanide simulants containing potential inorganic interferents have been prepared and analyzed by IC and FTIR. Solutions containing 250 ppm (0.025 wt% as cyanide) ferrocyanide pe(CN)t-] and ferricyanide [Fe(CN)z-], with various amounts of inorganic interferant concentrations were analyzed previously using the high-performance liquid chromatograph (HPLC) system with the photodiode array detector system and the FTIR system equipped with the ATR solution cell (Bryan et al. 1993 (Bryan et al. , 1994 . The results of this test show that the measured concentration of the cyanide in each solution is essentially the concentration of cyanide complex added initially to each solution, with the exception of the IC method with nitrite and nitrate added to the analytical solution. For the analysis of both the ferricyanide and ferrocyanide by IC, the solutions containing nitrite and nitrate show low analyzed cyanide complex (see Figures 2.2 and 2. 3). 
Influence of Nitrate and Nitrite On Ferncyanide and Ferricyanide Analyses by Ion Chromatography
Ferrocyanide tank waste simulants containing high concentrations of nitrate and nitrite were reported to give low percent recovery for ferrocyanide Pe(CN)i4] and ferricyanide Pe(CN)i3] ions by the IC method (Bryan et al. 1994) . The source of the low analyte recovery has been identified and corrected.
The source of the error during the analysis of ferrocyanide or ferricyanide in earlier work is attributed to overloading the IC column with excess nitrate or nitrite. This problem has been eliminated by simple dilution of the sample matrix to limit the concentration of nitrate and nitrite ions to approximately 1500 ppm or less. On a typical waste sample with an expected nitrate and nitrite concentration of 10 wt% , a dilution factor of 100 will yield the final concentration of the nitrate and nitrite species at 1000 ppm (0.10 wt%). The same dilution factor of 100 on a sample containing 0.1 wt% (as cyanide) ferrocyanide will 2.2 yield an analyte solution concentration of 10 ppm for ferrocyanide, well within the quantitation range for this species by IC. The quantitative limits of this technique are described in more detail in an earlier report (Bryan et al. 1994 ). 
2.3
Reduction of Cesium From Simulated Ferrocyanide Waste Using Ion Exchange
Because the ' "Cs content in actual ferrocyanide tank samples is high, the personnel exposure needed to be reduced to ALARA. To address this need we adapted existing methods for cesium ion removal currently performed on flammable gas tank waste (Campbell et al. 1994) to the ferrocyanide tank wastes. This method has been successfully demonstrated to remove significant levels of radioactivity from actual Hanford tank wastes other than ferrocyanide waste to allow the samples to be removed from the hot cell environment for bench-top handling. In Sections 3.1 and 3.2, we demonstrate that this ion exchange method can be modified to remove cesium from in-farm and U-plant simulated ferrocyanide wastes. This will benefit the program in terms of reduced personnel exposure as well as time savings during actual sample manipulation and measurement.
Reduction of Cesium from Simulated I n -m Ferrocyanide W a s t e
In-Farm 2 flowsheet samples were prepared according to the procedure given by Jeppson and Wong (1993) . The samples were centrifuged at 2000 rpm for approximately one hour. Approximately ten grams of simulant was dissolved in 100 mL of dissolution elixir described in Bryan et al. 1994 (5% by weight of ethylenediamine (en) and the hydrogen form of EDTA).
The ion exchange resin used was AG 50W-X8, 50-100 mesh (BioRad, Richmond, CA). This resin is a polystyrene-supported sulfonic acid. AG 5OW-XS has an exchange capacity of 4.8 meq/gm and can be used in the full range of pH. This resin is normally in the hydrogen form, but it was converted to the sodium form by adding excess 2 M sodium hydroxide for 12 hours followed by rinsing with distilled water until the eluent pH is neutral. Approximately 1-3 grams of the wet resin were packed into small plastic columns and the columns capped.
Before passing the samples through the ion exchange column, three-column volumes of the en/EDTA elixir solution was passed through the column. A 1-3 mL aliquot sample (depending on the column size) of the dissolved simulated waste was pipetted onto the column and allowed to elute using gravity flow. Additional en/EDTA elixir (3 fold excess) was added to the column to ensure complete transfer of the sample through the column. All eluent fractions were retained and combined.
The cyanide and cesium content of the In-Farm 2 samples were measured before and after ion exchange removal of cesium. Ferrocyanide was measured by FTIR techniques. Cesium concentrations were measured by atomic absorption (AA). The percent ferrocyanide recovery was calculated based on the moles of ferrocyanide eluted from the ion exchange column per initial moles of ferrocyanide added to column. Likewise, the percent cesium removal was calculated based on the moles of cesium eluted from the column and the total moles of cesium added to the column in the feed.
The percent Fe(CN)i4 recovery and percent cesium removal from In-Farm 2 flowsheet samples are shown in Table 2 . The high level of cesium removal @F 2 25) indicates that a significant fraction of the cesium activity (> 96 %) from these samples can be removed prior to sample handling and subsequent analysis. This value indicates that the cesium activity can be reduced by more than an order of magnitude by one pass through the ion exchange column. The high ferrocyanide recovery, greater than 97% in all cases, indicates that the cesium removal technique will not interfere with the cyanide analysis. > 98 > 50
3.1
Reduction of Cesium from Simulated U-Plant Ferrocyanide W a s t e
U-Plant 2 flowsheet samples were prepared according to the procedure given by Jeppson and Wong (1993) . The samples were centrifuged at 2000 rpm for approximately one hour. Approximately ten grams of simulant were dissolved in 100 mL of dissolution elixir described in Bryan et al. 1994 (5% by weight of ethylenediamine (en) and the hydrogen form of EDTA).
The ion exchange resin tested for use in cesium ion removal was AG 50W-X8 (BioRad, Richmond, CA) . Two mesh sizes were tested, 20-50 mesh and 100-200 mesh; the smaller mesh size is thought to give a better separation because of its higher effective surface area and longer residence time of the solution on the column. This resin is a polystyrene-supported sulfonic acid, has an exchange capacity of 4.8 meq/gm, and can be used in the full range of pH. This resin is normally in the hydrogen form but was converted to the sodium form by adding excess 2 M sodium hydroxide for 12 hours followed by rinsing with distilled water until the eluent pH was neutral. Approximately 1-3 grams of the wet resin were packed into small plastic columns and the columns capped.
Before passing the samples through the ion exchange column, three-column volumes of the en/EDTA elixir solution was passed through the column. A 1-3 mL aliquot sample (depending on the column size) of the dissolved simulated waste was pipetted onto the column and allowed to elute using gravity flow. Additional en/EDTA elixir (3 fold excess) was added to the column to ensure complete transfer of sample through the column. All eluent fractions were retained and combined.
The cyanide and cesium content of the U-Plant 2 flowsheet samples were measured before and after ion exchange removal of cesium. Ferrocyanide was measured by FTIR techniques. Cesium concentrations were measured by AA. The percent ferrocyanide recovery was calculated based on the moles of ferrocyanide eluted from the ion exchange column per initial moles of ferrocyanide added to column. Likewise, the percent cesium removal was calculated based on the moles of cesium eluted from the column and the total moles of cesium added to the column in the feed.
3.2
The percent Fe(CN)i4 recovery and percent cesium removal from U-Plant 2 flowsheet samples are shown in Table 3 .2. The level of cesium removal for the mesh size 20-50 (DF 550) is less than that for the mesh size 100-200 material (DF > 100). Although both mess sizes of ion exchange material remove a significant fraction of the cesium activity (2 90%) from these simulant samples, the smaller particle size resin (mesh 100-200) has consistently much higher percent removal of cesium (> 99%). This value for cesium removal indicates that the activity from cesium can be reduced by more than an order of magnitude by one pass through the ion exchange column. The high ferrocyanide recovery (see Table 3 .1 and supporting work in Section 4.0) indicates that the cesium removal technique will not interfere with the cyanide analysis. Since the percentage of cyanide recovered is not affected by different mesh sizes, the smaller mesh size (100-200) is recommended because it removes more cesium than the larger mesh size. , 
Analysis of Actual Ferrocyanide Tank Waste
Modifications of cesium ion exchange methods used for reducing the activity of ferrocyanide waste were completed and demonstrated on actual ferrocyanide waste samples from Tanks 241-C-112 and 241-C-109. Because the ' "Cs content in actual ferrocyanide tank samples, a need was identified to reduce personnel exposure to ALARA. To address this need we adapted existing methods for cesium ion removal currently perfbrmed on flammable gas tank waste (Campbell et al. 1994) to the ferrocyanide tank waste. This method was successfully demonstrated by removing significant levels of radioactivity from tank samples to allow the samples to be removed from the hot cell environment for bench-top handling. This will benefit the program in terms of reduced personnel exposure as well as time savings during actual sample manipulation and measurement. The details of this work are included in Section 4.1.
Actual ferrocyanide waste samples from Tanks 241-C-109 and 241-C-112 were analyzed for cyanide content by FTIR, IC, and total cyanide methods. The radiocesium was removed by ion exchange prior to removing samples from the hot cells for FTIR and IC analysis. The total cyanide content was measured prior to and after ion exchange; the FTIR and IC methods were performed after ion exchange only. Excellent agreement was observed between these methods of analysis for the actual waste samples as discussed in Section 4.2.
Actual ferrocyanide waste samples from Tank 241-C-112 were repeatedly analyzed for cyanide content by FTIR, IC, and total cyanide (by microdistillation) methods. This sample was analyzed repeatedly to gain information on the robustness of the analytical techniques developed by this task. The radio-cesium was removed by ion exchange prior to removing samples from the hot cells for FTIR and IC analysis. The total cyanide content was measured prior to and after ion exchange, allowing for the recovery of ferrocyanide to be measured in this process. Cyanide measurements were performed by FTIR and IC methods after ion exchange and removal from the hot cell. The recovery of cyanide from the ion exchange process was excellent. The agreement observed between these three methods of analysis for the actual waste samples was also excellent. The spike recoveries measured for FTIR, microdistillation, and IC methods were 101.3%, 103%, and 102.8% respectively. This work is included in Section 4.3.
Reduction of Cesium from Actual Ferrocyanide Waste
Ion exchange columns (described in Section 3.0) have been prepared and used for removal of radiocesium from actual waste samples in the PNL hot cells. BioRad AG 50w-x8, 100-200 mesh resin was used for cesium ion exchanges in all actual waste experiments. The samples listed in Table 4 are from archived Tank 241-C-112 and 241-C-109 samples. These samples were dissolved in the dissolution elixir previously described (Bryan et al. 1994) . The actual waste samples were removed from the hot cells following the ion exchange procedure and were analyzed for the amount of 137Cs within each sample. The decontamination factor as well as the percent 137Cs removed from each sample are also listed in Table 4 . The data in Table 4 indicate that significant levels of ' "Cs was removed from the actual ferrocyanide waste samples.
A gamma scan for a selected sample (241-C-109 241-C-49 Comp 1B) is shown in Figure 8 . The relative counts for the solution measured before ion exchange are plotted along with the data measured for the same solution after ion exchange. The 13' Cs gamma peak (0.662 MeV) is located on the gamma scan prior to ion exchange. The 137Cs peak in the gamma scan after ion exchange is near baseline values.
Actual Ferrocyanide Waste Analysis
Actual ferrocyanide waste samples from Tanks 241-C-109 and 241-C-112 were analyzed for cyanide content. The radiocesium was removed by ion exchange prior to removing samples from the hot cells for FTIR analysis. The cyanide content of these samples was analyzed on the dissolved sample prior to ion exchange and on the solution after ion exchange by the total cyanide method. The post ion exchange samples were analyzed by the FTIR method as well.
The measured cyanide concentrations (based on orighal waste sample) for both the total cyanide method (before ion exchange) and FTIR method (after ion exchange) are shown in Table 4 . 2 . The percent recovery of cyanide is also shown in Table 4 .2. The percent recovery of cyanide from the ion exchange process is defined as follows % CN Recovery from IX process = (wt% CN after IX)/(wt% CN before IX) x 100 where the wt% CN after and before ion exchange (IX) is based on the original sample weight.
The cyanide percent recovery from the IX process for these waste samples ranges from 87 to 106 % . We reported erratic % CN recoveries in a previous report which were based on total cyanide analyses of the after IX solutions which we now believe were in error. The correct amount of sulfuric acid "releasing solution" was not added to the analytical solutions after the IX step prior to distillation; this prevented the amount of dilution which takes place during the IX procedure. The result was that the cyanide measurement of these samples by the distillation method was erroneously low. This would not, however, affect the analysis of these samples using the FTIR method.
4.2
The excellent agreement between these two methods (as indicated by the percent recovery in Table 4 .2) demonstrates that the M method does not affect recovery of cyanide and will not affect the analysis of cyanide in ferrocyanide waste samples.
An FTIR spectrum of an actual ferrocyanide waste sample (T2nk 241-C-112, Core 36, Composite 2C) is shown in Figure 4 .2. This figure shows that the only cyanide species present in these solutions is the ferrocyanide complex (infrared peak located at 2038 cm-'). If there were other cyanide species present such as ferricyanide (2116 cm-'), free cyanide ion (2080 cm-l), nitroprusside (2141 and 1935 cm-I), etc., they would be observed in this spectrum. 
Analytical Methods
Actual ferrocyanide waste samples from Tank 241-C-112 were repeatedly analyzed for cyanide content by FTIR, IC, and total cyanide (by microdistillation) methods. This sample was analyzed repeatedly to gain information on the robustness of the analytical techniques developed by this task. The radio-cesium was removed by ion exchange prior to removing samples from the hot cells for FTIR and IC analysis.
The samples were all taken from a single dissolved solution of Tank 241-C-112 (Core 34, Segment 2D) ferrocyanide waste which was stored as archive # 92-6739 in the PNL hot cell facility. This single-source sample was used for repeated analysis to establish the standard error for each analysis method as well as a valid comparison between the various methods used for cyanide measurements conducted on an actual ferrocyanide waste sample. This sample was analyzed by all methods within days of sample dissolution and preparation.
The measured cyanide concentrations (based on original waste sample) for the FTIR, IC and total cyanide methods are contained in Table 4 .3. The percent recovery of cyanide from the ion exchange process was measured by analyzing the cyanide content of the ferrocyanide waste sample before and after the ion exchange process using the microdistillation method. The percent recovery of cyanide from the ion exchange process is described in Section 4.2. The cyanide recovery from ion exchange for these waste samples was measured to be 96.5 +/-4.0%. The high recovery of ferrocyanide from these waste samples indicates that the ion exchange method does not affect the recovery of cyanide and will not affect the analysis of cyanide in ferrocyanide waste samples.
In addition to the reported values in the Table 4 .3, blanks, spiked blanks, and matrix spikes were added to the suite of analyses. The results of the spike recoveries are also included in Table 4 .3 as % Spike Recovery. The agreement observed between these three methods of analysis for the actual waste samples is excellent; the differences between the average values are within the standard deviation of the measurements. The spike recoveries measured for FTIR, microdistillation, and IC methods are 101.3 %, 103 %, and 102.8% , respectively, indicating that no correction for cyanide loss within these methods is needed to be applied to the results.
The FTIR spectra of the actual ferrocyanide waste samples (Ihnk 241-C-112, Core 34, Segment 2D) were comparable to those observed from samples analyzed in Section 4.2 (see Figure 4. 2). The only cyanide species observed in these solutions was the ferrocyanide complex (infrared peak located at 2038 cm-'). If other cyanide species were present, such as ferricyanide (21 16 cm-I), free cyanide ion (2080 cm-l), nitroprusside (2141 and 1935 cm-'), etc., they would have been observed in this spectrum. The absence of these bands indicates that the only solution species containing cyanide in this actual waste sample was the ferrocyanide complex, [Fe(CN)J4. The only species observed in the IC analysis was the ferrocyanide complex as well. 
Test Procedure to Determine Cyanide Species in Ferrocyanide Tank Waste Materials
This section contains a draft test procedure for determining cyanide species from ferrocyanide flowsheet materials. This procedure will be used to identify concentrations of major cyanide species [CN-, Fe(CN)i-, and Fe(CN)z-] expected in samples from the Hanford ferrocyanide waste tanks. These analytes were selected because they consist of most of the reasonable forms of cyanide possible, resulting from the initial addition of ferrocyanide to the ferrocyanide waste tanks. The methods are based on FTIR and IC. The overall detection limits for the relevant cyanide-containing species in the original
